1．Introduction
The copper plating and etching technologies are used variously in such electronic industries as the manufacture of print circuit boards and integrated circuits 1) . To reduce costs associated with industrial waste and materials, technologies for recycling Cu from Cu-rich etchant waste have recently become attractive.
One of the main Cu-containing etchant wastes is acidic CuCl 2 waste etched by CuCl 2 with HCl and H 2 O 2 . Therefore, various methods for recovering Cu from acidic CuCl 2 etchant waste have been developed. The methods are based on electrowinning, cementation, solvent extraction and precipitation of cupric oxide [2] [3] [4] [5] . In these Cu recycling technologies, one of the biggest challenges is to remove the contaminants that cause problems for the performance of plating process using recycled Cu. In paticular, Cl should be removed from recycled CuO, because the concentration of Cl must be controlled precisely at the plating process. The addition of Cl increases conductivity and accelerates the etching rate in comparison to processes with relatively lower concentrations of Cl. On the other hand, high concentrations of Cl inhibit Cu deposition, as has been reported in other studies [6] [7] [8] [9] . Thus, a robust, sensitive and simple method is required for quantitation of Cl in recycled CuO.
In Japan, the appropriate concentration of Cl as a reagent in CuO powder is set at below 0.005% 10) by the Japan Industrial Standard (JIS) K8422 method, which refers to JIS K8001 method 11) . The JIS K8422 method is based on turbidimetric assay, which shows only whether the concentration of Cl is higher or lower than 0.005%.
Among several available methods for quantitative analysis, such as X-ray fluorescence analysis, precipitation titration, etc., X-ray fluorescence analysis has the disadvantages of high installation costs, huge space requirements for setup, and lengthy time requirements for analysis.
We here present a robust, sensitive and simple method for quantitation of Cl in CuO. The method is based on precipitation titration of AgCl. In the usual precipitation titration method, CuO with Cl is dissolved in H 2 SO 4 , and then dissolved Cl is titrated by AgNO 3 solution. In the titration, the change of dissolved Cl is quantified as the potential change using a Cl ion electrode coupled with a reference electrode. Using this conventional method, we found that it is still difficult to detect concentrations of Cl under 0.01% in CuO, because large quantity of Cu in the sample makes it difficult to detect low concentration of Cl.
In this paper, we performed the precipitation titration of AgCl with methanol, which increases the sensitivity of AgCl detection 12) . We also optimized the titration conditions and compared this method with the JIS K8422 method.
Experiment

2·1 Reagents and Apparatus
Methanol (99.8%), concentrated sulfuric acid (95%), NaCl (99.5%) and 0.01 mol/L AgNO 3 (volumetric) were obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Commercially available CuO was used as a standard CuO powder. All solutions were prepared using pure water derived with an in-house electro deionization post reverse osmosis Copper recycling technologies from copper-containing etchant waste have recently become more attractive. One of the challenges for the copper recycling technologies is the removal of chloride as a contaminant, which influences the plating reaction with recycled copper. Conventional methods for quantifying chloride in cupric oxide still face some challenges with regard to their robustness, sensitivity and simplicity. In this study, a precipitation method using AgCl precipitation titration with aqueous methanol solution was proposed that provides for robust and simple quantitation of chloride in cupric oxide. The titration condition for the proposed method was experimentally optimized, and its sensitivity, linearity and reproducibility were best characterized when the chloride concentration in cupric oxide was in the range of 0.003% to 0.02%. Consequently, 20% methanol was employed to optimize dissolution of CuO while minimizing CuSO 4 precipitation. Under these conditions, the titration method showed good linearity, reproducibility and sensitivity for practical use. The titration method was also compared with the official turbidimetric assay. The comparison showed that the measurements with the titration method was roughly in agreement with the data derived with the official turbidimetric assay. In this study, the proposed quantitation method was based on AgCl precipitation titration with potentiometric detection. The precipitation titration system employs a model AUT-501 auto titrator equipped with a model ABT-511 auto burette (DKK-TOA Corporation, Tokyo, Japan). Potentiometric titration curves were obtained using a chloride ion electrode (CL-125B, DKK -TOA Corporation, Tokyo, Japan) and a double junction type reference electrode filled with saturated KCl and 10% KNO 3 as an inner solution.
2·2 Proposed analytical procedure
In preparation, a sample Cu solution, 1.99 g -2.01 g of CuO, which was accurately weighed in units of 0.1 mg, was placed in a glass beaker (100 mL) and then dissolved in 50 mL of 5% (v/v) H 2 SO 4 -20% (v/v) methanol solution using a magnetic stirrer. In the sample solution, CuO was dissolved in H 2 SO 4 as CuSO 4 salt. In the preparation of standard CuO solutions spiked with Cl, appropriate volumes of NaCl solution, which is equivalent to 0.2% (w/v) of Cl, were added to the sample Cu solutions. Titrant (0.001 mol/L AgNO 3 ) was freshly prepared by dilution of 0.01 mol/L AgNO 3 with pure water using a brown measuring flask.
The sample Cu solution was stirred by a magnetic stirrer, and the auto burette and the two electrodes were set in the sample solution. The condition of the titration was as follows: injection interval, 15s; maximal volume per injection, 0.4 mL; titration mode, full amount. All titration measurements were performed at room temperature. Consequently, the Cl content in Cu, C Cl (%) was calculated using the following equation.
where, V is the titrant volume (mL), and M is the mass of CuO in the sample solution (g).
2·3 Procedure for Cl quantitation in official turbidimetric assay
For the measurement of Cl with turbidimetric assay (JIS K8422), 1.5 g of sample CuO was dissolved in 15 mL of pure water and 10 mL of 33% HNO 3 solution using a heating water bath. After natural cooling, the Cu solution was diluted to 60 mL with pure water. Twenty milliliters of the Cu solution was used as a sample, another 20 mL was used as a reference. The reference solution was mixed with 1 mL of 20 g/L AgNO 3 , incubated in boiled water for 10 minutes, cooled, and filtered through 5C cellulose membrane. The membrane was washed with 5 mL of pure water. Both the filtered solution and the washed solution were mixed with 2.5 mL of 0.01 g/L of Cl, diluted to 30 mL with pure water, and incubated at room temperature for 15 minutes. As a modified turbidimetric assay at 0.01% Cl in Cu, 5 mL of 0.01 g/L of Cl was used instead. The 20 mL of sample Cu solution was mixed with 1 mL of 20 g/L AgNO 3 , diluted to 30 mL with pure water, and incubated at room temperature for 15 minutes. After incubation, Cl concentrations in the samples were determined whether the concentrations in the samples were higher or lower than the concentrations of standards by observing their turbidities.
3．Results and Discussion
3·1 Optimization of the titration conditions
In this quantitation method, methanol was added to the sample solution because methanol decreases the solubility of AgCl and makes the potential jump bigger at the equivalence point of precipitation titration. Methanol, however, decreases the solubility of CuSO 4 , because the solubility of CuSO 4 in absolute methanol (1.04% w/v) is much lower than that in water (17% w/ v) 13) . Thus, a high concentration of methanol might precipitate Cl-containing CuSO 4 hydrate in the sample solution. It will decrease the concentration of dissolved Cl in a titration system. First, we optimized the methanol concentration so that it would not cause CuSO 4 precipitation under dissolving conditions for CuO. As shown in Fig. 1, 25% (v/v) or more of methanol precipitated CuSO 4 in the sample solution. Based on this observation, 20% (v/v) methanol and 5% (v/v) H 2 SO 4 appears to be a good condition for the sample dissolving solution.
3·2 Characterization of the titration method
First, we compared two solution conditions 5% (v/v) H 2 SO 4 and 10% (v/v) HNO 3 for dissolving CuO; no differences between H 2 SO 4 and HNO 3 were observed (data not shown). We performed precipitation titration of standard CuO with 20% methanol and with 50% methanol, and compared with the raw data derived from a control experiment without methanol. As shown in Fig. 2 (b) , the potential jump in the titration curve shows the equivalence clearly, while the potential jump in the titration curve from the control experiments in Fig. 2(a) is too small to find an inflection point as the equivalence point. Differential values (dE/dV) calculated from the titration curve from the control sample also show no peak in the control experiment. Differential values in the experiment using 50% methanol in Fig 2 (c) are even bigger than the experiment using 20% methanol in Fig. 2 (b) , though CuSO 4 precipitation was present during titration. Sensitivity, linearity and reproducibility of the titration method with methanol were investigated. Two grams of standard CuO were spiked with standard NaCl. The NaCl-spiked CuO (0, 0.001%, 0.002%, 0.003%, 0.005%, 0.01%, 0.02% of Cl in CuO) were quantified by the titration method using 20% methanol or using 50% methanol. Five samples were quantified under each condition, as shown in Fig. 3 . A control experiment was carried out without CuO by titration using 20% methanol. In Fig. 3 , the plots of the control experiment (gray triangles) under 0.005% of measured Cl are missed, because the equivalence point could not be detected. It can be concluded that the limit of detection in the control experiment is 0.005%. Likewise, the limit of detection in the 20% methanol experiment and in the 50% methanol experiment with Cu is also around 0.008% and 0.003%, respectively. Linearity in the titration using 20% methanol and in the control were quite fine, as demonstrated by the slopes of the linear fits, which were 1.013 and 1.00, respectively. On the other hand, the slope of the linear fit in the titration using 50% methanol was 0.955. The y-intercept of the linear fit in the titration using 20% methanol was 0.0028%, and the y-intercept in the control experiments was 0.0003%. The difference between the two y-intercepts (0.0025%) is supposed to be Cl contamination in the standard CuO reagent. For actual measurement, the difference of 0.0025% is the correction value for measured value. Moreover, the y-intercept of the linear fit in the titration using 50% methanol was 0.0018%. This value is smaller than the y-intercept in the titration using 20% methanol (0.0028%). This implies that the CuSO 4 precipitation in 50% methanol solution included some Cl in the sample solution, and the titration using 50% methanol underestimates the real concentration of Cl in Cu. The slope of the linear fit in the titration using 50% methanol is smaller than the slope in the titration using 20% methanol. The reason is supposed that the precipitated CuO under higher Cl concentration holds more Cl in 50% methanol.
However, reproducibility of 50% methanol titration was very good; the ratio of confidence intervals to the mean were less than 6% in the range between 0.005% and 0.02% of measured Cl. We assumed that the sharper potential jump using 50% methanol in Fig. 2 (c) enables such good reproducibility. In the case of detection at low Cl concentrations under 0.008%, the titration using 50% methanol might be useful for providing correction to the results from the titration with 20% methanol.
The ratio of confidence intervals to the mean in 20% methanol titration were less than 10% in the range from 0.005% to 0.02% of measured Cl. The performance of the titration using 20% methanol was good enough for practical use from the standpoint of robustness. 
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3·3 Comparison with official turbidimetric assay
We investigated the correlation between the proposed titration methods and the off icial quantitation methods of turbidimetric assay. Ten samples with different concentrations of Cl in the range of 0.002% to 0.012% were tested using the JIS K8422 turbidimetry assay and modified JIS K8422 assay with 0.01% standard Cl solution. These results were compared with results quantified from the samples using the same concentration of Cl by the proposed titration methods using 20% methanol or 50% methanol. The sample quantified as 0.005% by the titration method with 50% methanol was determined to be less than 0.005% by the JIS K8422 method, as shown in Table 1 . However, taking into consideration that the accuracy of the JIS K8422 method, the titration method using 50% methanol is roughly in agreement with the JIS K8422 method. The titration method using 20% methanol is roughly in agreement with the modified JIS K8422 method using 0.01% standard Cl solution as well. AgCl precipitation titration in aqueous methanol solution was studied as a robust and simple method for quantitation of Cl in CuO. First, we investigated the dissolving conditions of CuO in H 2 SO 4 solution with various concentrations of methanol, and concluded that the maximal methanol conentration for dissolving CuO was 20%. Second, we confirmed based on a comparison of titration curves that methanol helps to find the equivalence point. Sensitivity of the titration using 20% methanol was 0.008%. Linearity was very good, and the ratios of confidence intervals to the mean of the measured values in 20% methanol titration were less than 10% in the range from 0.005% to 0.02% of Cl in CuO. As for titration using 50% methanol, it showed better sensitivity than the titration using 20% methanol, where the limit of detection on the titration using 50% methanol is 0.003%. The quantified data from 50% methanol titration, however, revealed that dissolved trace Cl was included in the CuSO 4 precipitation. This method is roughly in agreement with the JIS K8422 turbidimetric assay. The titration method with methanol is simple and good enough for practical use for quantitation of Cl in CuO recycled from Cu-containing waste etchant.
